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Synthesis of caffeic acid ester derivatives and their bioactivities
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Abstract: Objective To design and synthetise the natural products caffeic acid ester derivatives, and to study the lipid metabolic
disturbance regulation activity of the derivatives. Methods Applying caffeic acid as material, the target compounds were prepared by
two routes and evaluated for antihyperlipidemic effects in HepG2 cells. Results Ten caffeic acid ester derivatives were synthesized,
and compound C5 has not yet been reported. The structures of the target compounds were identified by spectrum. Pharmacological
results showed that eight derivatives had potency of lipid-regulating in different levels. In particular, compounds C3 and CS showed
significant lipid-regulating effects compared to the lead compound caffeic acid and positive drug Simvastatin. Conclusion
Compound C5 is a new caffeic acid ester derivative. The primary structure-activity relationships are discussed in this article.
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Fig. 1 Synthetic routes of caffeic acid ester derivatives
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&Y Cl: HHE AR A, BE 352%.
IR vior (em™'): 3 467, 3 325, 3 210, 1 689, 1 685, 1 636,
1601,1278,1185; HR-MS m/z: 269.081 0; calcd for
CigH1304 [M—H] 269.081 4. 'H-NMR (600 MHz,
CD;0D) 8: 7.58 (1H, d, J = 16.0 Hz, H-7), 7.40~7.35
(4H, m, Ph-H-2, 3', 5, 6'), 7.33~7.32 (1H, m,
Ph-H-4"), 7.04 (1H, d, J = 2.0 Hz, H-2), 6.95 (1H, dd,
J=12.0, 16.1 Hz, H-5), 6.77 (1H, d, J = 8.1 Hz, H-6),
6.30 (1H, d, J = 15.8 Hz, H-8), 5.21 (2H, s, H-7');
BC-NMR (150 MHz, CD;0D) &: 169.0 (C-9), 149.6
(C-4), 147.2 (C-7), 146.8 (C-3), 137.9 (C-1'), 129.5
(Ph-C-5', 6'), 129.2 (Ph-C-2’, 3), 129.1 (Ph-C-4"),
127.7 (C-1), 123.0 (C-6), 116.5 (C-8), 115.2 (C-5),
115.0 (C-2), 67.2 (C-7').

aY Cc2: WHEMOB A, BHE 33.6%.
IR vior (em™'): 3 481, 3 326, 3 309, 1 685, 1 682, 1 636,
1602, 1280, 1 182; HR-MS m/z: 283.096 6, calcd for
Ci7H;s04 [M—H]™ 283.097 0. 'H-NMR (600 MHz,
CD;0D) 6: 7.51 (1H, d, J = 16.0 Hz, H-7), 7.31~7.26
(4H, m, Ph-H-2, 3, 5, 6'), 7.22~7.20 (1H, m,
Ph-H-4"), 7.02 (1H, d, J = 2.0 Hz, H-2), 6.93 (1H, dd,
J =2.0, 8.2 Hz, H-5), 6.77 (1H, d, J = 8.2 Hz, H-6),
6.22 (1H, d, J = 15.4 Hz, H-8), 4.36 (2H, t, J = 7.0 Hz,
H-8"), 2.99 (2H, t, J = 7.1 Hz, H-9"); C-NMR (150
MHz, CD;0OD) 6: 169.2 (C-9), 149.6 (C-4), 147.0
(C-7), 146.8 (C-3), 139.4 (C-1"), 130.0 (Ph-C-5', 6'),
129.5 (Ph-C-2/, 3'), 127.7 (C-1), 127.5 (Ph-C-4'),

123.0 (C-6), 116.5 (C-8), 115.2 (C-5), 115.1 (C-2),
66.1 (C-8'), 36.2 (C-7").

&Y C3: HE A A, WE 67.1%.
IR vl (em'): 3490, 3 316,2 919, 1 683, 1 685, 1 606,
1442, 1283, 1 178; HR-MS m/z: 291.159 0; calcd for
C17H»;04 [M—H] 291.159 6. 'H-NMR (600 MHz,
CD;0D) d: 7.53 (1H, d, J = 16.1 Hz, H-7), 7.04 (1H,
d, J = 2.0 Hz, H-2), 6.94 (1H, dd, J = 2.1, 8.1 Hz,
H-5), 6.78 (1H, d, J = 8.1 Hz, H-6), 6.25 (1H, d, J =
16.0 Hz, H-8), 4.16 (2H, t, J = 6.7 Hz, H-8'), 1.72~
1.67 (2H, m, H-7"), 1.42~1.29 (10H, m, H-2'~6"),
0.91 3H, t, J = 7.0 Hz, H-1); "“C-NMR (150 MHz,
CD;OD) d: 169.4 (C-9), 149.6 (C-4), 146.8 (C-3),
146.7 (C-7), 127.8 (C-1), 122.9 (C-6), 116.5 (C-8),
115.3 (C-5), 115.1 (C-2), 65.6 (C-8), 32.9 (C-7), 30.3
(C-6'), 30.3 (C-5"), 29.9 (C-4'), 27.1 (C-3'), 23.7
(C-2"), 14.4 (C-1").

EY Ca: HIERH A, WE 642%.
IR vior (em'): 3 467, 3 083, 2 961, 1 667, 1 605, 1 442,
1 283, 1 186; HR-MS m/z: 235.096 9, caled for
C13H;s04 [M—H] 235.097 0. 'H-NMR (600 MHz,
CD;0D) §: 7.54 (1H, d, J = 16.0 Hz, H-7), 7.04 (1H,
d, J = 2.0 Hz, H-2), 6.95 (1H, dd, J = 2.1, 8.1 Hz,
H-5), 6.78 (1H, d, J = 8.0 Hz, H-6), 6.26 (1H, d, J =
16.0 Hz, H-8), 3.98 (2H, d, J = 6.6 Hz, H-4'), 2.02~
1.95 (1H, m, H-3"), 0.98 (6H, d, J = 6.8 Hz, H-1", 2');
BC-NMR (150 MHz, CD;0D) 6: 169.4 (C-9), 149.5
(C-4), 146.8 (C-3), 146.8 (C-7), 127.8 (C-1), 122.9
(C-6), 116.5 (C-8), 115.2 (C-5), 115.2 (C-2), 71.6
(C-4"),29.1 (C-3"), 19.4 (C-1', 2').

&Y C5: REOR A, WHE 66.8%.
IR vED" (em™'): 3437, 3 198, 2 934, 1 659, 1 654, 1 306,
1 283, 1 214; HR-MS m/z: 261.112 2, caled for
CsHy704 [M—H] 261.112 7. 'H-NMR (600 MHz,
CD;0D) d: 7.53 (1H, d, J = 16.0 Hz, H-7), 7.03 (1H,
d, J = 2.0 Hz, H-2), 6.93 (1H, dd, J = 2.1, 8.0 Hz,
H-5), 6.78 (1H, d, J = 8.1 Hz, H-6), 6.24 (1H, d, J =
15.9 Hz, H-8), 5.54~5.50 (1H, m, H-4), 5.39~5.35
(1H, m, H-3"), 4.15 (2H, t, J = 6.9 Hz, H-6"), 2.46~
2.42 (2H, m, H-5"), 2.12~2.07 (2H, m, H-2'), 0.98
(3H, t, J = 7.5 Hz, H-1); "“C-NMR (150 MHz,
CD;OD) d: 169.3 (C-9), 149.5 (C-4), 146.8 (C-7),
146.8 (C-3), 135.4 (C-3'), 127.7 (C-1), 125.1 (C-4"),
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122.9 (C-6), 116.5 (C-8), 115.2 (C-5), 115.1 (C-2),
73.7 (C-6"), 65.0 (C-5'), 27.8 (C-2"), 14.6 (C-1").
E? Co: W OB AR, WER 79.0%.

IR vllil:; (cm"): 3 485,3 342,2 955, 1 683, 1 603, 1 279,
1 184; HR-MS m/z: 235.096 6, calcd for C;3H 50,
[M—H] 235.097 0. 'H-NMR (600 MHz, CD;0D) §:
7.52 (1H, d, J=16.0 Hz, H-7), 7.03 (1H, s, H-2), 6.93
(1H, m, H-5), 6.77 (1H, m, H-6), 6.24 (1H, d, /= 16.0
Hz, H-8), 4.16 (2H, m, H-4"), 1.67 (2H, m, H-3"), 1.43
(2H, m, H-2), 0.97 (3H, m, H-1"); "*C-NMR (150
MHz, CD;0D) ¢: 169.4 (C-9), 149.5 (C-4), 146.8
(C-3), 146.7 (C-7), 127.7 (C-1), 122.9 (C-6), 116.5
(C-8), 115.2 (C-5), 115.1 (C-2), 65.3 (C-4"), 31.9
(C-3"),20.2 (C-2"), 14.0 (C-1").

WHEY CT: HHEO K. WHE 90.8%.
IR v (em '): 3492, 3 309, 2 956, 1 681, 1 603, 1278,

1 178; HR-MS m/z: 193.050 2, calcd for C;oHqO4
[M—H] 193.050 1. 'H-NMR (600 MHz, CD;0D) ¢:
7.53 (1H, d, J = 15.9 Hz, H-7), 7.03 (1H, m, H-2),
6.92 (1H, d, J= 7.7 Hz, H-5), 6.78 (1H, d, J = 7.8 Hz,
H-6), 6.24 (1H, d, J = 15.8 Hz, H-8), 3.73 (3H, s,
H-1); “C-NMR (150 MHz, CD;0D) d: 169.7 (C-9),
149.5 (C-4), 146.9 (C-7), 146.7 (C-3), 127.7 (C-1),
122.9 (C-6), 116.5 (C-8), 115.2 (C-5), 114.8 (C-2),
52.0 (C-1").

EY C8: WHE OB A, BHE 89.6%.
IRvE2 (em): 3 454, 1 661, 1 605, 1 443, 1 283;
HR-MS m/z: 267.065 7, calcd for C;;H;104 [M—H]
207.065 7. "H-NMR (600 MHz, CD;0D) : 7.52 (1H,
d, J = 15.7 Hz, H-7), 7.04 (1H, d, J = 1.6 Hz, H-2),
6.92 (1H, dd, J = 1.8, 7.7 Hz, H-5), 6.79 (1H, d, J =
8.2 Hz, H-6), 6.23 (1H, d, J= 15.9 Hz, H-8), 4.19 (2H,
q, J =7.2 Hz, H-2'), 1.28 (3H, t, J = 7.2 Hz, H-1");
BC-NMR (150 MHz, CD;OD) &: 169.3 (C-9), 149.3
(C-4), 146.6 (C-7), 146.6 (C-3), 127.7 (C-1), 122.8
(C-6), 116.5 (C-8), 115.3 (C-5), 115.1 (C-2), 61.4
(C-2"), 14.5 (C-1").

EY C9: WAk K. BHE 95.0%.
IR vior (em™'): 3 461, 2 969, 1 665, 1 605, 1 443, 1 280,
1 185; HR-MS m/z: 221.081 2, calcd for C;,H 304
[M—H] 221.081 4. 'H-NMR (600 MHz, CD;0D) ¢:
7.52 (1H, d, J = 15.9 Hz, H-7), 7.04 (1H, d, J = 2.0
Hz, H-2), 6.92 (1H, dd, J = 2.0, 8.2 Hz, H-5), 6.78

(1H, d, J = 8.1 Hz, H-6), 6.23 (1H, d, J = 15.8 Hz,
H-8), 4.08 (2H, t, J = 6.8 Hz, H-3"), 1.70~1.64 (2H,
m, H-2'), 0.95 3H, t, J = 7.4 Hz, H-1"); “C-NMR
(150 MHz, CD;0D) 8: 169.3 (C-9), 149.3 (C-4), 146.6
(C-7), 146.6 (C-3), 127.7 (C-1), 122.8 (C-6), 116.4
(C-8), 1152 (C-5), 115.1 (C-2), 67.0 (C-3"), 23.0
(C-2"), 10.7 (C-1").
G C10: RO K, BE 71.5%.
IR vl (em™'): 3467, 3 313,2 934, 1 680, 1 601, 1278,
1 189; HR-MS m/z: 221.081 3, calcd for C,H 304
[M—H] 221.081 4. 'H-NMR (600 MHz, CD;0D) ¢:
7.51 (1H, d, J = 16.0 Hz, H-7), 7.04 (1H, d, J = 1.8
Hz, H-2), 6.91 (1H, dd, J = 2.0, 8.3 Hz, H-5), 6.78
(1H, d, J = 8.3 Hz, H-6), 6.21 (1H, d, J = 16.0 Hz,
H-8), 5.06~5.02 (1H, m, H-3"), 1.26~1.25 (6H, m,
H-1, 2); “C-NMR (150 MHz, CD;OD) &: 168.8
(C-9), 149.2 (C-4), 146.5 (C-3), 146.4 (C-7), 127.7
(C-1), 122.8 (C-6), 116.4 (C-8), 115.7 (C-5), 115.1
(C-2), 68.9 (C-3"),22.1 (C-1', 2').
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